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Purpose: This retrospective r view describes current surgical management of renal artery 
(RA) fibromuscular dysplasia (FMD) to define contemporary clinical characteristics and 
surgical results in patients over the age of 21 years. 
2Vlethods: From January 1987 through March 1994, 40 consecutive adults with 
hypertension had operative RA repair of FMD at our center and form the basis of this 
report. From histologic and angiographic appearance, FMD was classified with regard to 
specific type, noting the presence of RA dissections, RA macroaneurysms and branch RA 
involvement. Associations between blood pressure response to operation and patient age, 
duration of hypertension, presence of extrarenal therosclerosis, presence of branch renal 
artery disease, and primary or secondary procedure were examined. Clinical characteristics 
and blood pressure response in these contemporary patients were compared with the 
results reported from an earlier surgical series. 
Results: Unilateral RA repair was performed in 34 patients, and bilateral procedures were 
required in six patients. Branch renal artery repair was performed in 28 instances, 
including ex vivo RA repair in 11 patients. There were no perioperative nr follow-up 
deaes; however, three RA grafts (7%) failed within 30 days of operation. Initial blood 
pressure response was considered cured in 33%, improved in 57%, and failed in 10%. 
Analysis demonstrated that patients older than 45 years ofage had a significantly decreased 
rate of hypertension cure compared with younger patients; among patients younger than 
45 years of age, duration of hypertension was inversely related to cure. Compared with 
earlier surgical series, our current group of patients was significanüy older, with more 
frequent branch renal artery involvement and extrarenal atherosclerosis, and demon- 
strated ecreased rate of hypertension cure. 
Conclusion: A beneficial blood pressure response is currently observed in most selected 
patients after surgical correction of RA-FMD. Compared with earlier series, however, the 
present day patient differs in many respects, including a significantly decreased chance for 
hypertension cure after surgical repair. (J VASC SURG 1995;22:207-16.) 
Early surgical experience with renovascular hy- 
pertension demonstratcd beneficial blood pressure 
response with high cure rates after operative correc- 
tion of fibromuscular dysplasia (FMD).I-s However, 
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as new classes of potent antihypertensive agents and 
percutaneous treatment methods were introduced 
and widely applied, the attitudes regarding surgical 
management of renal artery (RA) FMD changed. 6,7 
Currently, operative intervention is often reserved for 
either failure or complications of nonsurgical meth- 
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Fig. 1. Bar graft depiction of age distribution. 
ods of treatment. Specifically, some authors have 
favored medical management as inidal therapy for 
hypertension caused by FMD of the medial fibropla- 
sia type, citing the iow risk of RA occlusion or 
decreased xcretory enal function during treatment.8 
In this instance, intervention to correct RA-FMD is 
reserved for poorly controlled hypertension runde- 
sirable side effects of medical therapy. Moreover, 
when intervention is recommended, percutaneous 
baUoon angioplasty (PTA) is viewed as the preferred 
treatment method by many. 7'9 Several reports have 
demonstrated xcellent technical and clinical results 
from balloon angioplasty when applied to FMD of 
the medial type involving the main RA. 1°'11 Similar 
results, however, have not been reliably observed 
when the technique has been applied to other types 
of FMD or to branch RA dlsease? 2 
Concomitant with the introduction of these new 
options for medical and interventional management, 
the patient demography and variety of RA-FMD 
currently submitted to surgery has changed. 7 Conse- 
quently, the current results of operative management 
may dlffer significantly from previous reports. In this 
retrospective r view we compare present day demo- 
graphic features with those of an earlier surgical 
series 5to examine the influence of observed iffer- 
ences on blood pressure response after surgical RA 
repair. With respect to clinical response after surgical 
repair of RA-FMD, specific hypotheses of interest 
included effects of patient age, extrarenal theroscle- 
rosis, and duration ofhypertension blood pressure 
response and effects of prior RA intervention and 
branch RA-FMD on hypertension control after 
operation. 
MATERIAL AND METHODS 
Patient population 
From January 1987 through March 1994, 360 
patients had 514 operative RA repairs at the Wake 
Forest University Medical Center. A subgroup of 
40 consecutive adults (21 years ofage or older) with 
RA-FMD form the basis of this report. This group 
included 35 women and 5 men ranging in age from 
21 to 71 years (Fig. 1; mean age of 43.7 + i4.9 
years). Twenty-one patients (53%) were older than 
45 years of age. Thirty-nine patients had hyper- 
tension despite attempted medical management 
(mean blood pressure of 190 _+ 28/115 _+ 18 mm 
Hg; mean number of medications: 2.0 + 0.9). 
Hypertension had been present from 1 to 58 years 
(mean duration of 10.7 _+ 13.5 years), and 16 
patients had had hypertension for more than 10 
years. Evidenced by serum creatinine (SCr) greater 
than 1.3 mg/dl, six patients had excretory renal 
insufficiency (mean SCr of 2.1 mg/dl). Clinically 
significant extrarenal atherosderotic disease was 
present in 35% (heart disease in eight patients; 
cerebral vascular disease in t-wo patients; peripheral 
vascular disease in six patients). Before initial evalu- 
ation and management a  our center, 16 patients 
had undergone previous intervention for RA-FMD. 
These procedures included four operative RA re- 
pairs and 13 RAs treated by PTA. 
Patient management 
A complete medical history, physical examina- 
tion, and resting electrocardiogram were obtained, 
and cardiac status was evaluated in 15 patients. These 
evaluations included resting or stress echocardiogra- 
phy (10 patients), exercise stress testing (nine pa- 
tients), and coronary angiography (one patient). 
Renal angiography was performed by either 
conventional (37 patients) or digital subtracdon 
techniques (three patients). Angiography defined 
unilateral RA-FMD in 24 patients (60%), and 
bilateral RA-FMD in 16 patients (40%). By angio- 
graphic appearance, RA-FMD was classified 
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Fig. 2. Angiograms from patients classified with medial fibroplasia (A), intimal fibroplasia (B), 
and perimedial dysplasia (C). Corresponding histologic study depicted in Fig. 3. 
Fig. 3. Histologic smdy corresponding to angiographic classification in Fig. 2. Medial 
fibroplasia demonstrates alternating reas of medial fibrosis and medial thinning (A). 
Circumferential subintimal fibrosis of intimal fibroplasia (B). Homogeneous collar f elastic 
tissue adjacent to outer media in perimedial ysplasia (C). 
as medial fibroplasia in 80%, intimal fibropla- 
sia in 15%, or perimedial dysplasia in 3% 
(Fig. 2). 13,14 Histologic confirmation of RA- 
FMD was available for 28 patients (Fig. 3). In the 
patients lacking histologic study results, 10 were 
classified as medial, and two were classified as intimal 
fibroplasia by angiographic appearance alone. Extra- 
renal FMD was noted in eight patients (20%). Sites 
of extra«enal involvement included aortic (three 
patients), internal carotid artery (three patients), 
external iliac artery (two patients), and superior 
mesenteric artery (orte patient). Evidence of aor- 
toiliac or renal artery atherosclerosis was present in 
12 patients (30%), including greater than 80% 
diameter-reducing orificial stenosis in five renal 
arteries. 
Branch RA-FMD was present in 28 patients 
(70%). Complications of RA-FMD were present in 
12 patients. These included RA dissection in three, 
RA occlusion in three, and RA macroaneurysm in 
nine patients. Evaluation of previous PTA or surgical 
RA repair in 16 patients demonstrated significant 
ipsilateral disease in 13 instances (12 PTA; 2 RA 
bypass) and significant contralateral disease in three 
instances. 
Before surgical intervention, renal vein renin 
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Table I. Summary of operative 
management 
Method No. 
Aortorenal bypass 38 
Vein 35 
PTFE 3 
Branch Repairs 28 
In situ 17 
Ex vivo 11 
Reimplantation 2 
Endarterectomy 2 
Nephrectomy 4 
Primary 2 
Contralateral 2 
Total 46 
PTFE, Polytetrafluoroethylene. 
assays (RVRAs) were performed in 24 patients. 
Lateralization (ratio > 1.5 : 1) of renin activity oc- 
curred in 9 of 13 patients with unilateral RA lesions 
and in 7 of 11 with bilateral renovascular disease. 
Renal revascularization was undertaken i  16 pa- 
tients without RVRAs. These included nine patients 
with a solitary kidney (four patients) or equally severe 
bilateral RA disease (live patients). Three patients 
underwent secondary RA procedures for recurrent 
hypertension, two patients had repair of RA aneu- 
rysms, and a 25-year-old patient with severe hyper- 
tension was repaired empirically. 
Operative procedures 
Forty-six kidneys underwent operation. Thirty- 
one patients had unilateral RA procedures, six 
patients had bilateral procedures, and three patients 
had RA repair to a solitary kidney (Table I). Three 
patients had nephrectomies for nonreconstructible 
RA disease, and one nephrectomy was performed for 
renal cell carcinoma. Among 16 patients with bilat- 
eral RA-FMD by angiography, six patients had 
equally severe main RA disease and underwent 
empiric bilateral repair. Three patients with bilateral 
branch RA disease required staged reconstruction 3 
to ó months after the first operation. Seven patients 
with bilateral disease had unilateral repair guided by 
results from RVRAs. 
Renal artery reconstruction for FMD included 
aortorenal bypass in 38 instances (35 saphenous vein; 
three polytetrafluoroethylene). Ex vivo repair was 
required in 11 instances, in situ repair with hypo- 
thermic preservation was required in 5, and normo- 
thermic in situ branch repair was performed to 12 
kidneys. Branch RA repair to all 28 kidneys was 
performed with use of saphenous vein. Normother- 
mic in situ repair involved the first-order RA 
branches, whereas an average of three RA branches 
were repaired by use of hypothermic n situ and ex 
vivo techniques. 
Simultaneous reconstruction for significant ath- 
eroscleroUc renal artery disease to 10 kidneys in- 
cluded aortorenal bypass in live instances, trans- 
aortic thromboendarterectomy in two instances, 
nephrectomy in t-wo instances, and one RA reim- 
plantation. No patient required simultaneous aortic 
reconstruction. 
Statistical methods 
Descriptive statistics were computed, including 
frequencies and relative frequencies of categorical 
factors (c.g., hypertension response to operation, 
presence or absence of renal/extrarenal atherosclero- 
sis, branch disease), and means and standard evia- 
tions of continuous factors (e.g., patient age, age at 
onset of hypertension, duration of hypertension). 
Associations between categorical factors and hyper- 
tension response to operation were examined by use 
of 2 × 2 contingency tables and odds ratios with 
accompanying 95% confidence intervals. Differences 
in the proportion of patients with hypertension 
"cured" were tested by use of Fisher's exact est. ~5 
Associations between continuous factors and hyper- 
tcnsion response were examined by computing 95% 
confidence intervals for differences in the means 
between "cured" and "not cured" groups. Statistical 
tests for differcnccs in means were performed by use 
of t tests. Satterthwaite's 16 adjustment for unequal 
variances was used to adjustp values and confidence 
intervals for differences when F-tests ~7 of equality of 
variances indicated that the between-group variances 
were unequal. 
RESULTS 
Postoperative morbidity and mortality rates 
Early events. There werc no 30-day or in- 
hospital deaths in this patient group; however, 18 
nonfatal, morbid events requiring specific medical 
therapy occurred in 11 patients (28%). These in- 
cluded pneumonia (seven patients), urinary tract 
infection (five patients), arrhythmia (four patients), 
wound infcction (one patient), and reexploration for 
intraabdominal b eeding (one patient). Status of 
graft patency was determined after operation in 38 
patients by angiography (35 studies) or renal duplex 
sonography (43 studies)) 8 These studies demon- 
strated three graft occlusions within 30 days of 
surgery and threc graft stenoses at 1, 3, and 4 years 
after operation. 
Late events. No deaths occurred in this group on 
follow-up (mean 29 months; range 1 to 69 months). 
However, six patients (15%) required additional RA 
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Table II. Blood pressure response to operation (n = 40) 
Preoperative 
No. of 
No. of patients Mean blood pressure medications 
Response (%) (mm Hg) +- SD +_ SD 
Postoperaßw 
No. of 
Mean blood pressure medications 
(mm Hg) + SD +_ SD 
Cured 13 (33) 176.1 _+ 28.4/120.3 +_ 23.4 1.6 _+ 0.9 
Improved 23 (57) 197.8 _+ 28.1/115.5 _+ 18.3 2.0 _+ 1.0 
Failed 4 (10) 186.7 -+ 29.5/102.7 _+ 14.2 2.0 +- 1.0 
126.2 _+ 10.9/80.3 _+ 6.9 
141.9 _+ 17.7/87.8 _+ 10.2 
150.7 _+ 11.0/98.7 _+ 10.1 
0.0 _+ 0.0 
1.1 + 0.9 
1.7 _+ 1.1 
Table III. Comparison of current series with earlier surgical experience 
Surgical series (no. of patients) 
1961-1972 « 1987-1994~ 
(n = 44) (n = 40) zl Means Odds Ratio 95% CI (k) p Value 
Mean duration hypertension (yr)$ 
Mean patient age (yr)$ 
No. of  patients cured (%)§ 
4.6 -+ 0.21 10.1 _+ 2.1 5.5 
32.6 -+ 1.1 43.7 _+ 2.4 11.1 
32 (72.3) 13 (32.5) -- 
- (1 .2 ,  9 .8 )  0 .01  
- -  (5 .8 ,  16.4) <0.01 
0.18 (0.07, 0.46) < 0.01 
CI, Confidence interval; A, differences of  mean values. 
~Ref. 5. 
+Current series. 
~: + SE; t test. 
~Fischer's exact test. 
procedures. One patient had a contralateral recon- 
struction to complete a staged, bilateral repair. At 16 
and 18 months after unilateral repair, severe hyper- 
tension recurred in two patients. Repeat angiography 
demonstrated patent RA reconstructions, with con- 
tralateral RA disease. Contralateral RA reconstruc- 
tion successfully relieved hypertension i  each pa- 
tient. Three patients with recurrent hypertension on 
follow-np demonstrated graft stenosis on repeat 
angiography. After successful revision, each patient 
had a favorable hypertension response. 
Blood pressure response 
Blood pressure and antihypertensive medication 
requirements at least 8 weeks after operation were 
used to define blood pressure response to operation. 
A Cured condition was defined as a diastolic blood 
pressure of 90 mm Hg or less with no antihyperten- 
sive therapy. Conditions were considered improved if 
they mer the following criteria: (1) if diastolic 
pressures were controlled (i.e., < 90 mm Hg) before 
surgery, medication requirements o achieve control 
taust have been reduc¢d by at least wo drugs; (2) for 
those patients whose blood pressures were not 
controlled before surgery and who experienced a 
decrease in diastolic pressure of less than 20 mm Hg 
associated with postoperative control, medication 
requirements aust have been reduced by at least orte 
drug; (3) control of blood pressure with decrease in 
diastolic pressure of 20 mm Hg or less with no more 
medication than before surgery. Conditions not 
meeting these criteria for cured or improved were 
categorized as failed. 
By these criteria, the conditions of 13 patients 
(33%) were initially classified as cured, the conditions 
of 23 paUents (57%) were classified as improved, and 
the conditions of 4 patients (10%) were classified as 
failed. Preoperative and postoperative mean blood 
pressures and number of antihypertensive medica- 
Uons are compared in Table II. Hypertension was 
considered improved in two patients with early graft 
thrombosis after nephrectomy. The conditions of 
two patients were considered improved, and the 
conditions of four patients were considercd cured 
after revision of previous RA or contralateral recon- 
struction on follow-up. 
Comparison of blood pressure response with 
RVRAs demonsträted that unilateral repair in 14 of 
15 patients with lateralizing renins caused abeneficial 
blood pressure response (3 cured; 11 improved). Six 
of seven patients with unilateral repair and nonlater- 
alizing studies had a beneficial response. Among four 
patients who did not demonstrate improved hyper- 
tension control after operation, one patient had 
nonlateralizing RVRAs, one patient had lateralized 
RVRA, and two patients underwent empirie opera- 
tion without functional smdies. 
Demographic feamres and hypertension response 
ofpatients in this series are compared with the senior 
author's previously reported experience inTable I I I) 
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Compared with patients treated for RA-FMD 2 
decadcs earlier, present-day patients were signifi- 
cantly older, with a longer duration of hypertension 
before operation. Moreover, this series demonstrated 
a significantly grcater prevalence of extrarenal th- 
erosclerosis and branch renal artery disease requiring 
complex reconstruction. Although the rate of ben- 
eficial blood pressure response was comparable be- 
tween the patient groups (90% vs 96%), a signifi- 
cantly lower eure rate was observed in present-day 
patients (odds ratio: 0.18; 95% confidence interval 
(CI) [2.17, 14.14],p < 0.01). 
Despite a beneficial blood pressure response in 
90% of paticnts in this series, the rate ofhypertension 
eure was adversely affected by advanced patient age 
(Table IV). Patients greater than 45 years of age 
demonstrated a significantly decreased rate of cure 
compared with adults less than 45 years. There were 
3 of 21 patients older than 45 years compared with 
10 of 19 younger patients whose conditions werc 
considered cured (p = 0.02). Considering all 40 
patients, blood pressure response was not influenced 
by the preoperative duration of hypertension. 
Among patient less than 45 years of age, however, 
duration ofhypertension did affect response to renal 
artery revascularization (Table IV). In younger 
patients whose conditions were cured after surgery, 
duration of hypertension averaged 1.7 + 0.16 years 
compared with patients whose conditions were 
considered improved or failed who averaged 9.7 _+ 
2.7 years (95% CI (mean differences) [-14.1, 
- 1.8], p = 0.02). 
Among the 40 patients in this series, the presence 
ofrenal or extrarenal therosclerosis d d not appear to 
influence blood pressure response after RA repair 
(Table V). The conditions of 4 of 14 patients (28%) 
with extrarenal therosclerotic disease were consid- 
ered cured compared with the conditions of 9 of 26 
patients (34%) without demonstrable atherosclerosis 
(Odds ratio: 0.76; 95% CI [0.18, 3.11],p = 1.00). 
Among the conditions of eight patients with RA 
atherosclerosis, one was considered cured, five were 
improved, and two were considered failed after 
operative RA repair. 
Each early graft failure occurred after branch RA 
repair; however, branch RA-FMD or the need for ex 
vivo repair did not adversely affect blood pressure 
response after operation (Table V). Among 28 
patients who had repair of branch RA-FMD, 24 had 
beneficial blood pressure response, including 10 
patients whose conditions were cured (odds ratio: 
1.67; 95% CI [0.36, 7.63], p = 0.72). In the 
subgroup of 16 patients requiring hypothermic n
sim or ex vivo repair, the conditions of six were 
considered cured, seven wcre considered improved, 
and two were considered failed. 
The observed hypertension response was not 
affccted by previous intervention (Table V). Com- 
bining pafients who required addifional RA recon- 
struction on follow-up (three contralateral repairs; 
three revisions for rcstenosis) with the 16 patients 
who had previous RA procedures before evaluätion 
at our center, hypertension response was evaluated in
20 patients after secondary RA repair. Among the 
secondary procedures, hypertension was cured in 
eight patients, improved in 10 patients, and failed to 
improve after operation in two patients. 
Although this patient group was primarily evalu- 
ated and treated for issues of renovascular hyperten- 
sion, six patients had SCr greater than 1.3 mg/dl 
before surgery (mean SCr" 2.1 mg/dl). Eight weeks 
after RA repair, five patients demonstrated at least a 
20% decrease inSCr (mean SCr: 1.2 mg/dl). Four of 
these five patients were treated for bilateral RA 
disease or disease of a solitary kidney. 
D I S C U S S I O N  
This report describes our recent experience with 
operative management of RA-FMD in adults with 
hypertension. Patients currently undergoing RA 
repair for FMD differ significantly from patients 
reported two decades earlierfi Presently, adult pa- 
tients are significantly older, with hypertension of 
longer duration, and more frequently demonstrate 
extrarenal atherosclerosis and branch RA disease. 
Although a beneficial blood pressure response was 
considered present in 90% of the patients in this 
series, the rate of hypertension cure was significantly 
less than was observed earlier. This decreased rate of 
cure appears related to a larger proportion of older 
patients in this series and a prolonged uration of 
hypertension currently observed in the younger 
patients. These differences are important when com- 
paring the results of surgical series or comparing 
blood pressure response after RA-PTA with opera- 
tive RA repair. In this later instance, this surgical 
group represents a residual population remaining 
after successful medical therapy or successful PTA. As 
a consequence of this selection bias, the blood 
pressure response after PTA and surgical repair 
should not be considered directly comparable. More- 
over, this bias is demonstrated by the 13 of 21 
patients oldcr than 45 years ofagc who were selected 
for surgical repair by virtue of their hypertension 
failure after RA-PTA. The rate of blood pressure 
improvement (75%) and eure (15%) in this sub- 
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Table IV. Correlations between blood pressure response (cured versus not cured), patient age, and 
duration of hypertension 
BP response 
Parameter cured/not cured Mean ± SE A Means 95% CI (zl) p Value 
Patient age (yr., n = 40) 13/27 
Duration hypertension i all patients 13/27 
(yr., n = 40) 
Duration hypertension i patients 10/9 
<45 years (yr., n = 19) 
33.9 +_ 2.7/48.4 ± 3.4 14.5 
5.4 _+ 2.6/12.3 ± 2.9 -6 .8  
1.7 _+ 0.16/9.7 + 2.7 -8 .0  
( -23.9,  -5.1)  <0.01 
( - 15.9, 2.3) 0.14 
( 14.1, -1.8)  0.02 
A, Differences of mean values. 
Table V. Correlation between blood pressure response (cured versus not cured) and 
selected parameters 
Parameter Parameter present Hypertension cured Odds ratio 95% CI p Value 
Renal aßerosclerosis Yes I/8 (I2.5%) 0.24 (0.03, 2.19) 0.24 
No 12/32 (37.5%) 
Renal or extrarenal therosclerosis Yes 4/16 (25.0%) 0.56 (0.14, 2.26) 0.50 
No 9/24 (37.5%) 
Branch disease Yes 10/28 (35.7%) 1.67 (0.36, 7.63) 0.72 
No 3/12 (25.0%) 
Prior procedure performed Yes 5/16 (31.3%) 0.91 (0.23, 3.52) 1.00 
No 8/24 (33.3%) 
CI, Confidence interval. 
group was identical to the results observed in 284 
patients treated with surgery for atherosclerotic 
renovascular disease at OHr center. 
Some of these contemporary trends in patient 
demographics have been noted by others. 6,7,9 Novick 
et al. 7 compared their operative xperience from two 
5-year intcrvals before and after 1980. Seventy 
percent of subjects treated for RA-FMD from 1980 
to 1984 demonstrated branch renal artery disease, 
compared with only 28% of patients treated before 
1980. Our observed blood pressure benefit after 
operatiw: treatment agrees closely with the results of 
Novick et al. 7 (90% vs 93%); however, our rate of 
hypertension eure was significantly less (33% vs 
63%). Unfortunately, these anthors did not com- 
ment on differences in patient age or duration of 
hypertension i their patient groups. 
The increase in branch RA disease observed in 
this report and other series has important implica- 
tions for detection and surgical treatment of RA- 
FMD. Renal artery duplex sonography remains our 
screening study of choice for hemodynamically 
significant main renal artery stenosis and occlusion; 
however, renal artery duplex scanning does not 
accurately define the presence of branch or polar RA 
disease. 19 We therefore recommend conventional 
renal angiography in patients whose hypertension is 
severe while receiving medical therapy and in young 
patients despite anegative scrcening smdy result. óIn 
addition, renal artery duplex sonography used during 
operation is our preferred method to detect echnical 
defects after repair. Although we perform intraop- 
erative smdies after branch RA repair, images of 
defects at the secondary branch levels cannot be easily 
obtained or accurately assessed by Doppler velocity 
analysis) 8 As a result, conventional ngiography is
obtained to assess the technical adequacy ofthis type 
of repair before hospital discharge. 
In addition to these considerations, branch dis- 
ease influences the method of RA repair. Our 
operative strategy for branch RA repair is determined 
by the period of renal ischemia and the surgical 
exposure required for complete RA reconstruction. 2° 
When branch reconstruction can be accomplished 
with less than 30 minutes ischemia time, an in situ 
repair is undertaken without special measures for 
renal preservation. When longer periods of renal 
ischemia re anticipated, one of two techniques for 
hypothermic preservation of the kidney are used; 
these include renal mobilization without renal vein 
transection or ex vivo repair and anatomie replace- 
ment in the renal fossa. 2° In both methods, the kidney 
is completely mobilized and isolated from surround- 
ing tissues by a plastic barrier. The periureterie 
collateral vessels are controlled by a sling, the renal 
vein is controlled at its junction with the vena cava, 
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and the kidney is flushed with chilled, electrolyte 
solution (Baxter Health Care Corporation, Deerfield, 
Ill.). Intermittent perfusion is augmented with sur- 
face cooling by a constant drip of chilled saline 
solution. When the renal vein is not transected, a 
small venotomy allows egress of the perfusate. 
Although complete hilar exposure requires that he ex 
vivo technique brings the lddney onto the abdominal 
wall, on occasion, equivalent exposure and renal 
preservation can be provided withont division and 
reattachment of the renal vein. With these ap- 
proaches, branch RA disease was managed by nor- 
mothermic in situ technique in 12 instances and 
hypothermic renal preservation in 16 instances, 
including 5 cases without renal vein transection. 
In addition, technical considerations are of prac- 
tical importance for secondary RA procedures after 
both PTA and surgery. 21 Despite description as an 
intraluminal procedure, PTA disrupts the intima and 
media producing hemorrhage into the vessel wall. As 
a result of the associated inflammatory eaction, the 
periadventitial tissues are frequently transformed into 
a fused, vascularized mass. The technical consequence 
of these changes i that a failed PTA requires amore 
distal RA reconstruction than would be required by 
the initial lesion.22 In this regard, secondary proce- 
dures after PTA and operative failures are similar in 
that the vessel must be reconstructed at a site distal to 
the previous disease. These features were demon- 
strated by patients treated after failed PTA. Branch 
RA repair was required in 10 of 12 patients after 
main renal artery PTA, including 2 ex vivo repairs. 
Although blood pressure response was not negatively 
affected by branch RA disease in this series, the failure 
rate of repair was affected by the need for branch RA 
reconstruction. Considering all 514 renal artery 
repairs performed at our center during this study 
interval, acombined early and late failure rate of 3.1% 
was observed. This failure rate demonstrated a 
significant association with the need for complex ex 
vivo branch repairs. In like manner, all three throm- 
boses of RA reconstruction i  this series occurred 
after ex vivo repair, one ofwhich was performed after 
failed PTA. 
Our use of PTA for RA-FMD and our choice of 
graft material for surgical reconstruction deserve 
comment. For nonatherosclerotic renovascular dis- 
ease, PTA is recommended foruncomplicated FMD 
of the medial fibroplasia type involving the main renal 
artery. Based on limited initial success and poor late 
patency, PTA is not recommended for FMD of the 
intimal fibroplasia or perimedial dysplasia types, for 
branch RA disease, or for developmental RA lesions. 
In the case ofoperative r pair, autogenous material is
used preferentially for children and young adults in 
our center. Acknowledging the tendency for the 
immature saphenous vein to dilate over time, hypo- 
gastric artery is most frequently used in children. 22 
Mthough our experience suggests that synthetic 
grafts in adults provide patency rates equivalent to 
autogenous material, the risk of pseudoaneurysm is 
life-long. 18 
Last, we continue to rely on renal rein renin 
assays to identify operative candidates. 6 Lateralizing 
functional studies are required before intervention i
patients who have medically controlled hypertension 
and in older patients with RA-FMD and diffuse 
extrarenal therosclerosis. In the absence of lateraliz- 
ing functional studies, empiric intervention for uni- 
lateral RA disease may be undertaken i a young 
patient when hypertension is poorly controlled or in 
the patient with a solitary lddney or in the setting of 
equally severe, bilateral RA lesions. This empiric 
method of management is supported by the observed 
beneficial blood pressure response and absence of 
deaths in this current series. In this regard, 14 of 16 
patients treated empirically without renin assays 
demonstrated beneficial blood pressure response, 
including seven patients whose conditions were 
considered cured. 
In summary, our recent experience suggests that 
contemporary patients undergoing operative repair 
of RA-FMD differ significantly from earlier surgical 
reports. Present-day patients are significantly older, 
have hypertension of prolonged uration, and fre- 
quently demonstrate complex disease requiring 
branch RA repair. Although the chance for cure of 
hypertension is lessened by these demographic dif- 
ferences, a beneficial blood pressure response is 
currently observed in most selected patients after 
operative repair. 
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D ISCUSSION 
Dr. Charles O'Mara (Jackson, Miss.). Regarding 
operative indications, opinion seems now entrenched that 
patients with fibromuscular disease of the renal arteries 
should be treated with percutaneous balloon angioplasty, 
with operation reserved for either failure or complications 
of nonsurgical treatment. This opinion not withstanding, 
what should be our current indications for surgical repair 
as the primary method of treatment for fibromuscular 
dysplasia of the renal arteries? 
This study documents an adverse effect on rate of 
hypertension cure for two factors, namely, advanced 
patient age and duration of hypertension for patients 
younger than 45 years of age. Judged by comparison of 
patients in this study with those in a historic standard, these 
two factors either directly or indirectly are likely related to 
a delay in surgical management byinference resulting from 
initial management medically or at least o some extent by 
balloon angioplasty. In this study, have you documented 
any method of identifying a subset of patients in whom 
primary surgical intervention early in the course of their 
illness would be preferable to initial medical treatment or 
balloon angioplasty? 
The authors indicate that th ey rely on renal vein renin 
assays to identify operative candidates, and renin determi- 
nations were done for most of the 40 patients in this study. 
It is reassuring that 14 of 15 patients with lateralizing 
renins undergoing unilateral repair experienced a beneficial 
blood pressure response. However, six of seven patients 
with unilateral repair and nonlateralizing renin studies also 
had a beneficial response. In addition 14 of 16 patients 
treated empirically without renin assays were benefitted, 
including seven patients whose hypertension was cured. 
These data suggest that renin determinations actually were 
of little if any help in determining operability. Would you 
address the usefulness of renin assays in terms of these 
results ? 
Dr. Kimberley J. Hansen. With regard to PTA, one 
of the interesting spinoffs of the widespread application of 
PTA is to define its limitations, and we believe PTA should 
be used for limited indications. We favor its use in main 
renal artery fibromuscular dysplasia of the medial fibropla- 
sia type. We would not recommend its use for branch renal 
artery disease of that variety or for oOer types of 
fibromuscular dysplasia or for developmental lesions. We 
believe that sort of disease should be treated with surgery. 
Regarding the subgroup of patients for whom snrgery 
may be the preferred primary treatment at a young age, I 
think that question is almost moor. The most common 
management today considers medical therapy of hyperten- 
sion as the primary and preferred method of management 
until hypertension is uncontrolled. Then when hyperten- 
sion is uncontrolled orten PTA is the first option of 
management, sothat the patients we are seeing have orten 
been treated for long periods of time medically and 
represent a distilled or selected population after failed 
medical management or failed PTA. 
We still make use of renins and use renins to select 
patients and decide who should undergo operation. 
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Twenty-four patients had renins performed in this series. 
Of the 16 patients without renins, nine either had equally 
severe bilateral disease or solitary kidneys. Two had 
symptomatic renal artery aneurysms. Two had recurrent 
stenoses after initial beneficial blood pressure response, and 
one patient was very young with severe hypertension. 
Those are patients whom we believe should be treated 
empirically in either the absence of renins or even in the 
presence of fäilure to lateralize. Of the four failures it is 
interesting to note that three either had nonlateralizing 
renins or renins were not performed and treated empiri- 
cally. 
Dr. Calvin B. Ernst (Detroit, Mich.). Would you 
address the 14% ofgraft complications, including the three 
that occluded and three that became stenotic? As you know, 
a vein graft can occlude, stenose, or dilate. Did you 
encounter any dilated grafts? Did occluded grafts occur 
after unsuccessful percutaneous angioplasties where the 
host artery was difficult to reconstruct or did they occur 
after ex vivo reconstmctions wherein branch stenoses were 
repaired? 
How did you document the occlusions and stenoses, 
with duplex imaging or conventional constrast smdies? 
Finally, how were graft complications managed? Did the 
kidney with an occluded graft require nephrectomy, or 
were you able to salvage part or all of it? 
Dr. Hansen. Another of our studies described the 
failures in all 514 ofour renal revascularizations. What we 
have observed is that we have a significant increase in rate 
of failures among patients requiring complex branch 
reconstruction, particularly of the ex vivo variety. Of the 
three failures we had, each one of those was of ex vivo 
variety, and in our experience when an ex vivo reconstruc- 
tion fails, the kidney infarcts and there is no reasonable way 
m recover the kidney. 
We still rely on duplex scanning as a method of 
follow-up for most of our renal revascularizations. It is an 
excellent examination for main renal artery reconstruction. 
It is not a good examination for follow-up of branch renal 
artery repair, and we still require an angiogram for those 
patients before their discharge. Thirty-five angiograms 
were obtained in these 40 patients. About 50 duplex studies 
were performed. We monitor the patients on an annual 
basis with duplex scanning, even if they have a branch 
repair. Ifthey have recurrent hypertension r iftheir clinical 
status changes, we don't hesitate m obtain an angiogram at 
that time. 
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